Six cases of pulmonary infection with Actinomyces Israeli and one case of infection with Nocardia asteroides are described. The incidence of thoracic actinomycosis has declined recently and the classical presentation with chronic discharging sinuses is now uncommon. The cases described illustrate some of the forms which the disease may take. Actinomycotic infection has been noted, not infrequently, to co-exist with bronchial carcinoma and a case illustrating this association is described. Sputum cytology as practised for the diagnosis of bronchial carcinoma has helped to identify the fungi in the sputum. Treatment is discussed, particularly the possible use of oral antibiotics rather than penicillin by injection.
Actinomycosis is not common in this country. The Table shows the number of cases reported to the Public Health Laboratory Service from public health and hospital laboratories in the United Kingdom and Republic of Ireland in recent years. It is usually considered that the chest may be involved in about 15% of cases (Cecil and Loeb, 1963) . But, of the 36 cases reported in 1970, the chest was involved in only one case. In 1957 Bates and Cruickshank published an account of 85 cases of thoracic actinomycosis collected from many thoracic centres in this country. One of the co-authors of this paper (G. C.) was formerly senior surgeon of this unit. This series of cases is still widely regarded as giving the classical description of actinomycosis of the chest. Now, in addition to a reduced incidence, thoracic actinomycosis may have a different clinical presentation. Therefore, an account of a small recent series of cases may be of interest. (Fig. 5) showed an opacity at the hilum of the left lung. Sputum cytology showed the presence of ray fungus and subsequent sputum cultures gave a growth of A. Israeli. She was treated for one month with penicillin, 4 million units daily, by intramuscular injection and sulphamethazine, 4 g daily. After this she received tetracycline, 1 g daily for one month. After treatment sputum cultures have been persistently negative for fungi and she has lost her cough. The chest film (Fig. 6) showed clearing of the left hilar shadowing and her condition has been satisfactory for the past three years. Comment Bronchial carcinoma was thought to be the most likely diagnosis from the appearance of the chest films. Cytological examination of the sputum was important. CASE 3 B. C. was a 34-year-old housewife. At the age of 19 years, when a student nurse, she had developed fever and cough. A chest radiograph (Fig. 7) showed collapse of the middle lobe of the lung. Mycobacterium tuberculosis was not found in the sputum, but the condition was regarded on clini- cal grounds as being due to tuberculosis. She was treated for three months with streptomycin, INAH, and PAS and for a further six months with INAH and PAS. After this time operation was performed, at another hospital, for resection of the middle lobe. Unfortunately, the histological report on the operation specimen is not available. However, the operation notes record that there was such dense fibrosis that identification of the hilar structures was almost impossible.
After the resection the patient remained well for almost one year and then developed recurrent episodes of fever with cough and purulent sputum. She was treated by numerous short courses of tetracycline or ampicillin. Sputum cultures were negative for tubercle bacilli and other pathogenic organisms. Chest films showed increased shadowing on the right side (Fig. 8) . At bronchoscopy it was seen that the stump of the middle lobe bronchus was present and a bronchogram (Fig. 9 ) demonstrated that the opacity lay at the site of the middle lobe and showed a deformity of the anterior segmental bronchus of the upper lobe. A chronic abscess due to a fistula from the middle lobe stump was suspected and exploration was performed after a six weeks' course of PAS and INAH. The pleural cavity was completely obliterated by adhesions and there was dense fibrosis around the hilum of the lung. There vxas an abscess cavity anteriorly between the upper and lower lobes of the lung. The (Brock, 1950 The patient was treated with intramuscular penicillin, 6 million units daily, and sulphadiazine, 2 g daily for two weeks. Unfortunately, owing to an error, he then received only 600,000 units of penicillin once daily for a period of about five months. He continued to have a chronic cough with much purulent sputum. Sputum cultures continued to show a growth of A. Israeli. He was readmitted to hospital and given penicillin, 4 million units daily, by intravenous infusion for six weeks. This treatment was followed by tetracycline, 2 g daily for three months. Following this treatment he has become asymptomatic. A repeat bronchogram (Fig. 14) no longer shows the large dye-filled space. Sputum cultures have remained negative for Actinomyces over a period of three years. Comment The fact that such dense fibrosis, which is a feature of actinomycotic infection, was encountered at the original operation, must make it likely that the condition was due to actinomycosis from the start. This case illustrates the necessity for high dosage and prolonged antibiotic treatment in chronic pulmonary actinomycosis. CASE 6 F. M., a 40-year-old labourer, had first presented about 10 years previously complaining of pain in the right side of the chest. A chest radiograph (Fig. 15) The patient was hypersensitive to penicillin and was treated with tetracycline, 2-0 g daily for six weeks. The sinus dried up and the patient refused further treatment. Three years later the sinus recurred.
On this occasion no 'sulphur granules' were seen in the pus and cultures were negative for Actinomyces. The sinus quickly dried up and again the patient refused treatment. However, the sinus has discharged pus for a few days on two occasions since then. On neither occasion were Actinomyces grown from the discharge. The patient attends the follow-up clinic only irregularly and always refuses to consider longterm treatment. Comment This is the only case in the series with the classical features of pain and a chronic discharging sinus. The intermittent re-opening of the sinus suggests that the actinomycotic infection may be latent, but it proves impossible to get this patient to take further treatment.
During the period when these six cases of infection with A. Israeli were encountered, we have seen one case of infection with aerobic Actinomyces. CASE 7 B. C., a 52-year-old man of Indian race, had been living in Kenya until six months before admission to hospital. He first complained of weight loss and of pain in the knees, ankles, and elbows. He was found to be diabetic and when the diabetes was controlled all symptoms subsided. However, one month later he developed fever, cough, and dyspnoea. A chest film then showed consolidation and cavitation in the left upper lobe of the lung (Fig. 16) Murray, Finegold, Froman, and Will (1961) , in a review of 179 cases, found that the lungs alone were involved in 31 ' of cases, but that the lungs were also involved in a further 30%, of the cases with generalized infection. In vitro N. asteroides has been found sensitive to a variety of 'drugs, sulphonamides (Conant, 1958) , tetracycline and chloramphenicol (Murray et al., 1961) , and cycloserine (Bronner and Bronner, 1969) . The clinical use of these drugs has not, however, always been effective and there is a mortality of approximately 50% in the reported cases.
Animal studies have suggested that sulphadiazine may be the most effective. Marcovitch and Norman (1970) and Baike, Macdonald, and Munday (1970) each report a cure using sulphamethoxazole. Black and McNellis (1970) state that Nocardia is not sensitive in vitro to trimethoprim. We had no success with sulphamethoxazole in our case.
ACTINOMYCOSIS ASSOCIATED WITH BRONCHIAL

CARCINOMA
In the review period, sputum from patients undergoing investigation of unidentified pulmonary opacities was routinely cultured for fungi, as well as for pathogenic bacteria. In only seven additional cases were sputum cultures positive for A. Israeli obtained. Five of these seven were found to be suffering from a primary bronchial carcinoma, one had carcinoma of the stomach with pulmonary and pleural spread, and in one there was no abnormality on a chest film. In the patient with the normal chest film, no lesion developed over a period of six months' observation. Garrod (1952) pointed out that the finding of A. Israeli in sputum cultures cannot prove the existence of invasive pulmonary disease. Kay (1948) found Actinomyces in the sputum of 65 of 240 patients suffering from miscellaneous bronchopulmonary infections. Slack (1942) (Kugel, Harlacher, and Hueck, 1953; Pritzker and MacKay, 1963; Villegas and Sala, 1965; Moore and Scannell, 1968 (Oswald, Hinson, Canti, and Miller, 1971 Bates and Cruickshank (1957) recommended six million units of crystalline penicillin daily for six weeks followed by 600,000 units of penicillin for six weeks. In our case 5 prolonged low-dosage penicillin proved inadequate, admittedly following a rather short initial high-dose course. Long courses of high-dosage intramuscular penicillin are very distressing for the patient. Several other forms of treatment have been tried. McVay and Sprunt (1953) and Lesney and Traeger (1959) have reported successful treatment of cervicofacial cases with isoniazid. Bramley and Orton (1960) and O'Mahoney (1966) used tetracycline in courses of 10 g daily for three to five weeks with good results. It is generally agreed that cases of cervicofacial infection do not require as prolonged a course of treatment as the thoracic form. Coodley (1969) reported a patient with thoracic actinomycosis who showed no response after receiving tetracycline for three weeks, but the infection cleared on penicillin therapy.
McQuarrie and Hall (1968) treated one pulmonary case successfully with tetracycline, 20 g daily for a period of 73 days, and in our case 1 resolution occurred with tetracycline alone. More recently, Mohr, Rhoades, and Muchmore (1970) have successfully treated four cases (two of which were pulmonary infections) with lincomycin, 2-0 g daily for periods of 6 to 12 months.
Probably the response to therapy is determined by the chronicity of the infection. Actinomycosis can be seen to cause very dense fibrosis in the chest, so that it must be difficult to obtain high concentrations of the antibiotics at the site of infection. Our case 3 received numerous courses of tetracycline, also two courses of INAH, yet viable fungi were present at the time of operation. Also case 5, in whom infection would seem to have been present for a considerable time, responded only after a course of intravenous penicillin.
Oral antibiotics are a reasonable form of treatment for pulmonary infiltration not of long standing, but treatment should be given in high dosage
